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Abstract
The classical formulation of ”Olbers’ Paradox” consists in looking for
an explanation of the fact that the sky at night is dark. We use the
experimental datum of the nocturnal darkness in order to put constraints
on a newtonian cosmological model. We infer then that the Universe
should have had an origin in the past.
1 Introduction
The observation that the sky at night is dark is in conflict with the idea of the
innity of the Universe. If the Universe is innite and contains an unbounded
number of stars, our sight should meet the surface of a star in every direction we
observe. Therefore there should not be empty places among stars on the celestial
sphere. Moreover, repeating an argument originally due to Cheseaux (1718-
1751) [1], we can note that, in an innitely populated Universe, the number
of stars contained in a spherical shell of radius R is 4pinR2dR, where n is the
number of stars per unit volume. If L is the absolute luminosity of a star,
the intensity of light at a distance R is I = L/4piR2. Hence the generic shell
produces a lighting (in the centre of the shell) equal to nLdR. Since there is an
innite number of shells, the lighting, in every point of the Universe, should be
innite!
But the sky at night is dark. To this apparent contradiction has been given
the name of Olbers’ Paradox, from the name of H.W. Olbers (1758-1840), who
divulged it in a paper of 1823, "On the Transparency of the Space" [2], although
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the rst assertions about the conflict between the dimensions of the Universe
and the nocturnal darkness can be traced back to Digges (1576), Kepler (1610)
and Halley (1721) [3].
Many explanations were given during the centuries in order to solve the
paradox. Olbers suggested the presence of interstellar dust obscuring the farest
stars, but simple thermodynamical considerations by J. Herschel (1848) [4] soon
ruled out this explanation. Other invoked hypothesis required a hierarchic dis-
tribution of stars [5]. Shapley in 1917 suggested as solution of the paradox
the idea of "island-universe", that is a limitated extension of the stellar system.
After the discovery of the expansion of the Universe, the redshift was proposed
as the fundamental mechanism necessary to "cut" the radiation coming from
the farest galaxies, hence assuring the darkness of night.
Harrison [6] suggested that the paradox doesn’t exist even in the contest of
classical Universe where it was thought, because of the too little number of stars
and of their too short lifetime. In other words the Universe does not contain
enough energy to produce a bright sky. Nevertheless still today there are in
literature many misunderstandings about the paradox, which is often explained
using the redshift, that on the contrary does not have a relevant role [7]. An
interesting survey of the recent literature on the subject can be found in [8].
The classical formulation of Olbers’ Paradox tries to give an explanation to
the fact that the night is dark. On the contrary in the present paper, we use
this observative fact to put some constraints on a simple euclidean-newtonian
cosmological model, and then to draw several necessary conclusions about the
origin of the Universe happened at a nite time in the past.
2 The cosmological model
The model of spacetime here employed is the classical euclidean-newtonian one.
The Universe is an euclidean manifold <<3, with an euclidean metric on <3.
The time we use is the absolute time of Newton. The generic event is singled
out by orthogonal cartesian coordinates (t, ~x) 2 <  <3 . Therefore space has
an innite extension, is isotrope, homogeneus and flat in every region. In other
words it coincides with the absolute space of Newton. The simultaneity we
refer to is the newtonian absolute simultaneity. The light signals propagate on
euclidean straight lines and the speed of light is nite and equal to c.
In this model, matter is made of stars. They are distributed in a homogeneus
and isotropic way in the regions they ll. Therefore, there are no bunches of
stars, as clusters, galaxies, etc. The number of stars per unit volume does not
change with time. This hypothesis is equivalent to assume that the lifetime of
a "virtual star" is unbounded in time. From an astrophysical point of view, it
means that a star does not have chemical, nuclear or gravitational evolution. Of
course, this is not true, on the base of modern knowledges on stellar evolution.
Yet, from the cosmological point of view, this idea is reasonable if we admit an
uninterrupted sequence of stellar generations. For every star that dies, a new one
comes up, and then the density of "active" stars does not change in time. As we
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will see, the comparison between the model and the experimental datum of the
dark at night will permit to us to decide between the hypothesis of "ethernal"
stellar system (i.e. an innite number of generations) or the hypothsis of a
stellar system come up at a nite time in the past.
Of course the adopted model does not describe any of the main properties
of the contemporary models (expansion, curvature, red shift, etc.). Yet we have
chosen this model for two orders of reasons. First, its metric simplicity, which
will let us introduce the concept of "lookout limit" without great complications;
besides, its coincidence with the model of classical newtonian spacetime, his-
torically adopted by Halley, Olbers, untill Shapley. Finally we want to note
that the euclidean model approximates the curved spacetime as better as the
curvature is, globally, near to zero.
3 Lookout limit and background radiation en-
ergy density
If we think the stars uniformly distributed in space and we suppose that each
of them occupies an average volume V and it has a section of area σ, we nd





We have the certainty to meet with the sight line the surface of a star if we





This is true, of course, if the stars are distributed in a completely casual way
in the respective volumes.
The distance reached by the sight line before meeting a star surface is there-
fore







This distance is named lookout limit. As is well known, this quantity coin-
cides with the mean free path λ of a photon [9]; in fact V = 1/n, where n is








Now we obtain an expression for the fraction of sky covered by stellar discs,
and then a relation for the radiation energy density (in the point of the observer)
due to the whole stellar system.
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Be N(r) the number of sight lines arrived untill the shell of radius r. Of
these, N are intercepted by the stars present in the shell r. The fraction of










Integrating we obtain the number of sight lines not yet intercepted after a
path r
N(r) = N0e−nσr. (6)
The number of lines intercepted by the stellar surfaces after a path r is
N0 −N(r) = N0(1− enrσ). (7)




= 1− e−nσr. (8)
The fraction of intercepted lines coincides, as greater N0 is, with the fraction
of sky covered by stellar discs. We note that if the stellar distribution is spatially
unlimited, we can push r ! 1 and then α ! 1. i.e. the whole sky is covered
by stars.
Besides, it is important the relation
u(r) = u(1− enσr), (9)
where u(r) is the radiation energy density at the centre of a sphere with
radius r, due to all the stars contained in the sphere, and u is the radiation
energy density at the surface of a star. This relation can be derived as follows.
In a time dt a star emits an energy dE = Ldt, where L is the luminosity. This
energy spreads (in the time dt) on a volume σcdt, where σ is the surface of the
star. Therefore we can write dE = uσcdt, where u = L/σc is the radiation
energy density at the surface of the star. The bunch of energy dE travels for a
while, untill it reaches a distance r from the star. Then, in the same time dt as
before, it spreads on a volume 4pir2cdt. Therefore the radiation energy density











Now, the number of stars in a shell of radius r is
n4pir2dr. (11)
On the other hand, the percentage of sight lines not yet intercepted by other





Therefore the number of stars not covered by others, i.e. visible at the centre
of the shell, is
n4pir2dre−nσr , (13)
and the contribution to the radiation energy density at the centre of the





Integrating this relation between 0 and r we obtain the formula (9). Hence
u represents the luminosity of the background sky, or what is today called
extragalactic background light. We note that u = u in every star distribution
extending at r  λ = 1/nσ. In the limit of innite spatial extension of the
stellar system the background sky energy density must be equal to that on the
surface of a star.
The experimental condition of dark sky can be expressed in this contest as
u u. (15)
4 Study of the model
We are now able to examine all the cases suggested by the proposed model, us-
ing the concept of lookout limit. Remind we have adopted absolute newtonian
space and time and we have supposed that they both have an innite extension.
We have the two following possibilities as regard the stellar system:
I) The distribution of the stellar system is spatially innite;
II) The distribution of the stellar system is spatially nite. We suppose then
it has a spherical symmetry with a radius R.
In the case I) we can distinguish two subcases:
Ia) The stellar system exists from an innite time in the past;
Ib) The stellar system was "turned on" (all together and simultaneously) at
a time t0 = −T in the past (T > 0)(we take t0 = 0 as present time).
In the case Ia) is evident that the sky at night must be luminous. In fact every
sight line should necessarily intercept, before or after, a star surface (α = 1).
Therefore the celestial sphere must appear luminous, completely lled up by
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stellar discs, without dark spaces between a disc and another (u = u). The
case Ia), a spatially innite Universe, is the model adopted by Halley and Ol-
bers, on the grounds of newtonian considerations. It causes the evident conflict
with the observation historically known as Olbers’ Paradox.
In the case Ib), at most the radiation of stars contained in a sphere of radius
h = cT (cosmological horizon) can arrive to us. The radius of this sphere must
be compared with the value of the lookout limit λ. We can distinguish the
subcases
Ib1) If λ > cT then the night sky will turn out to be "dark", that is
u(λ) < (1− 1
e
)u. (16)
In fact the sight lines can "arrive" after the "border" of the stellar system.
This situation is compatible with the observative evidence.
Ib2) If λ < cT the sky at night will be luminous, that is
u(λ) > (1− 1
e
)u. (17)
Of course this possibility is excluded by the experimental evidence.
Let us study now the case II). We have here also two subcases:
IIa) The stellar system exists from an innite time in the past (t0 = −1);
IIb) The stellar system was "turned on" at a time t0 = −T in the past.
In the case IIa) we can compare λ with the radius R of the stellar system:
IIa1) If λ > R then the sky at night is dark, i.e. u(λ) < (1− 1/e)u.
IIa2) If λ < R then the sky is luminous, i.e. u(λ) > (1− 1/e)u.
The rst case is in an apparent agreement with the empirical evidence. Yet
we observe that the data "R nite" and "t0 = −1" create problems in the
dynamical stability of the system. From the point of view of newtonian me-
chanics, a homogeneus sphere, with nite radius, made of particles interacting
only by gravity and with a negligible angular momentum has to collapse in its
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geometrical centre in a nite time. For such dynamical reasons the case IIa1)
does not present any physical interest and can be neglected.
In the case IIb) the stars were born at the time t0 = −T in the past. The
quantities to be compared are now the lookout limit λ, the radius R of the stellar
system, and the horizon h = cT of the observable spherical region of the stellar
system. We have therefore 6(= 3!) dierent cases. Their analysis is summarized
by the following table.
1) cT < λ < R ) (dark sky: u(λ) < (1 − 1/e)u)
2) λ < cT < R ) (luminous sky: u(λ) > (1 − 1/e)u)
3) λ < R < cT ) (luminous sky: u(λ) > (1 − 1/e)u)
4) R < λ < cT ) (dark sky: u(λ) < (1 − 1/e)u)
5) cT < R < λ ) (dark sky: u(λ) < (1 − 1/e)u)
6) R < cT < λ ) (dark sky: u(λ) < (1 − 1/e)u)
We have to note that also in the case IIb), with R <1, t0 = −T , there are
problems of dynamical instability. We can say that the collapse of the spherical
stellar system is unavoidable, nevertheless we can think that the collapse is not
observable if we suppose that it is very slow compared with the cosmic time
scale (T) (speed of collapse  c).
It is interesting to note that Newton himself investigated the problem of the
dynamical stability of a nite spherical system of stars. He knew that such a sys-
tem should have had to collapse in a nite time in its centre of mass. Strangely
enough Newton avoided calculating the time for gravitational collapse. Only
in 1902 Lord Kelvin concluded the rst cosmological calculus on the collapse
time of the whole stellar system [10]. He found that the collapse time does not







Assuming an average interstellar distance of 1 pc and a mean mass of 1 solar
mass, Kelvin obtained a time for the collapse equal to 20 106 years. Yet Kelvin
used pre-relativistic arguments: he ignored the limit character of the speed of
light. Therefore he obtained such a short collapse time (not realistic if compared
with the cosmic time scale). If we take into account the limit speed of the light
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c, then the collapse time cannot be less than the radius of the universe divided
by c (because at most the various regions will collapse with a speed equal to c).
5 Conclusions
The comparison of the cases presented in the above section with the experimen-
tal evidence of the dark sky at night, allow us to eliminate the cases Ia, Ib2,
IIa2, IIb2, IIb3. They produce a luminous sky at night. Only the cases Ib1,
IIb1, IIb4, IIb5, IIb6 are physically admissible, because they are consistent with
the experimental evidence. What common property do they have?
The main consideration is that all these cases imply the birth of the Universe
at a finite time in the past. We note that our model, together with the evidence
of the dark sky, is not able to discriminate between an Universe with a nite
radius and one with an innite radius.
Therefore the concluding inference that can be drawn from our model is that
the experimental evidence of the dark sky implies that the stellar system was
born at a finite time in the past. This important observation was not formulated
by Olbers or others (Halley, Kelvin, etc.). In particular, Olbers would have been
able to infer, from the datum of the dark sky, the birth of the cosmos at a nite
time in the past. This could happen because the cosmological model adopted
by Olbers (and, more or less explicitly, by all the scientists untill Einstein) is the
newtonian one described in section 2. The lookout limit introduced by Harrison
is the key concept which has allowed us to obtain a deeper and more eective
understanding of the model.
We want to emphasize that other authors have focused particularly the con-
cept of luminous lifetime of the single stars. In this way, yet, they prevent
themselves from reaching the relevant conclusions about the lifetime of the
whole stellar system, i.e. the Universe. The main hypothesis that made us
able to obtain informations about the lifetime of the Universe is that of the
"virtual star", i.e. a ctitious luminous source that in principle has an innite
life. Successive generations of real stars can be modelled as a single virtual star
with a lifetime a priori not xed. The check with the observational evidence
(u  u) determines at this point the length of the life of the virtual star, i.e.
of the whole stellar system.
Finally we want to observe that several authors (e.g. Weinberg) state that
in a cosmology with Big Bang there is no paradox because the contribution of
the various stellar generations is cut at a nite time in the past [11]. This is not
correct from our point of view, because we have seen that we can have a "Big
Bang" cosmology but with a luminous sky (cases Ib2, IIb2, IIb3). Therefore
Olbers would not have been able to infer the expansion of the Universe from the
observation of the dark sky at night, as several authors [12] seem to require.
On the contrary, Olbers and other authors (between sec. XVIII and XX) would
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